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ABSTRACT 


This  report  contains  results  of  model  scale 
experiments  on  the  horizontal  plane  characteristics 
of  an  extended  strut  Small  Waterplane  Area  Twin  Hull 
(SWATH)  ship.  Experiments  were  conducted  in  the 
Rotating  Arm  Facility  of  the  David  Taylor  Naval  Ship 
Research  and  Development  Center  (DTNSRDC).  Speed, 
drift  angle,  roll  angle,  yaw  rate,  and  rudder  deflec¬ 
tion  angle  were  varied  at  two  drafls. 

Nondimensional  force  and  moment  derivatives  are 
presented,  and  the  results  provide  a  data  base  for 
prediction  of  the  maneuvering  performance  of  extended 
strut  SWATH  ships.  The  major  conclusions  obtained 
for  an  analysis  of  the  empirical  data  are:  the 
SWATH-6E  design  exhibits  superior  rudder  performance 
at  high  speed,  the  extended  strut  design  shows  higher 
directional  stability,  and  the  SWATH-6E  configuration 
shows  greatly  improved  maneuvering  performance  at 
high  speeds.  When  compared  to  previous  SWATH  designs 
with  spade  or  strut  rudders  of  similar  areas. 


ADMINISTRATIVE  INFORMATION 


This  work  funded  by  the  Ships, 


Subs  and  Boats  Block  Program  Element  62543, 
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INTRODUCTION 


An  extensive  rotating  arm  experimental  program  was  conducted  on  a  Small 
Waterplane  Area  Twin  Hull  (SWATH)  ship  represented  by  a  1/22.5  scale  model 
(DTNSRDC  MODEL  5337-E)  designated  SWATH-6E.  These  experiments  were  con¬ 
ducted  to  evaluate  the  horizontal  plane  characteristics  of  an  extended 
strut  SWATH  ship,  and  to  compare  maneuvering  performance  with  other  SWATH  hull 
configurations. 

The  SWATH-6E  design  is  a  modification  of  the  SWATH-6A  design  (DTNSRDC  MODEL 
5337).  The  struts  have  been  extended  aft  of  the  lower  hulls  allowing  rudders  to 
be  placed  in  the  propeller  slip  stream.  The  shape  of  the  extended  struts  was 
developed  by  considering  the  powering,  seakeeping  and  maneuvering  charac¬ 
teristics  of  a  series  of  candidate  struts  varying  in  waterplane  area  distribu- 
t  ion. 

The  data  from  this  experiment  will  be  incorporated  in  a  mathematical 
model  that  will  be  employed  to  predict  turning  capability,  estimate  rudder  size, 
and  design  rudder  systems  for  extended  strut  SWATH  ships. 

Experiments  were  conducted  at  four  nond imensional  yaw  rates,  varying 
from  0.103  to  0.418  on  the  Rotating  Arm  Facility  at  speeds  corresponding 
to  full  scale  speeds  of  7,  10,  15,  20,  25  and  30  knots.  The  craft  was  held 
completely  captive  with  respect  to  the  towing  rig  throughout  the  experi¬ 
ment.  Forces  and  moments  were  measured  in  all  six  degrees  of  freedom,  and 
are  defined  under  the  coordinate  system  indicated  in  Figure  1.  This  report 
includes  a  description  of  the  model,  a  discussion  of  test  procedures,  an  anal¬ 
ysis  of  the  data,  an  interpretation  of  the  results  and  pertinent  conclusions. 

DESCRIPTION  OF  MODEL 

The  geometric  characteristics  of  the  model  are  given  in  Table  1.  The  model 
used  in  this  experiment  was  the  1/22.5  scale  SWATH-6  series  baseline  model, 
fitted  with  new  struts  and  rudders.  These  struts  extend  aft  of  the  lower  hulls, 
allowing  the  placement  of  the  rudders  in  the  propeller  slip  stream.  The  two 
SWATH-6  demi-hulls  are  connected  by  a  plywood  bridging  structure,  to  which  the 
gage  assemblies  were  attached  as  shown  in  Figures  2  and  3.  The  SWATH-6E 
waterplane  area,  displacement,  draft  and  hull  spacing  are  the  same  as  the  other 
models  of  the  SWATH-6  series.  Details  of  the  SWATH-6E  modified  struts  and  rudders 
are  found  in  DTNSRDC  Model  drawings;  reference  numbers  El  5-3261-30,  31  and  32. 

The  SWATH-6E  rudders  have  an  aspect  ratio  of  1.4  and  a  NACA  0021  section.  The 
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hinge  axis  (rudder  stock)  is  located  at  the  quarter  chord  to  provide  semi- 
balanced  rudders.  For  comparative  purposes,  the  planform  area  of  the  SWATH-6E 
rudders  corresponds  to  the  SWATH-6A  and  6B  design  draft  rudder  area.  Rudder 
profile  is  shown  in  Figure  4.  Rudder  deflection  angle  was  controlled  with  a 
hydraulic  servo-actuator  and  had  a  maxmimura  deflection  angle  of  _+  30  degrees. 

Model  propulsion  power  was  provided  by  two  5.4  horsepower  D.C.  motors  housed 
one  in  each  demi-hull,  and  DTNSRDC  model  propellers  (numbers  4416  and  4417). 

Turbulent  flow  on  the  model  was  induced  by  placing  a  series  of  turbulence 
stimulating  studs  (0.125  inches  in  diameter  and  0.1  inches  high)  on  the  lower 
hulls  and  struts.  The  studs  were  placed  in  a  vertical  column  on  the  inboard  and 
outboard  sides  of  the  struts  at  a  point  10%  of  the  strut  length  aft  of  the  strut 
leading  edge.  Studs  were  also  placed  around  the  circumference  of  the  lower 
hulls  at  a  point  10%  of  the  lower  hull  length  aft  of  the  lower  hull  nose.  Tape 
with  a  saw  tooth  pattern  was  applied  to  the  rudders  at  the  quater  chord  for  tur¬ 
bulent  flow  simulation. 

EXPERIMENTAL  EQUIPMENT  AND  PROCEDURES 
The  model  was  held  completely  captive  with  respect  to  the  tow  rig  and  was 
rigidly  attached  to  a  structrual  channel  through  spacer  blocks  at  five 
points.  Two  gage  assemblies  were  bolted  to  the  channel,  each  containing 
three  modular  force  balances  oriented  along  the  body  axis  to  measure  longi¬ 
tudinal,  lateral,  and  normal  force  components.  In  addition,  one  modular 
force  balance  was  mounted  on  the  port  side  of  the  bridging  structure  at  the 
LCG  to  measure  roll  force  at  a  prescribed  moment  arm. 

The  three  gage  assemblies  were  connected  to  struts  mounted  on  the  sur¬ 
face  ship  towing  beam  of  the  Rotating  Arm  Towing  Carriage.  Each  strut  con¬ 
nection  had  a  yaw,  pitch,  and  roll  pivot  as  shown  in  Figure  3.  In 
addition,  each  strut  could  be  independently  adjusted  in  the  vertical  direc¬ 
tion  to  effect  changes  in  draft,  trim,  and  roll  angle.  This  arrangement  pro¬ 
vided  all  force  components  at  each  of  the  struts  attached  to  the  channel  and 
allowed  pitching  and  yawing  moments  to  be  calculated  about  a  reference  point 
half-way  between  the  two  struts  at  the  LCG.  The  moment  arm  for  these  calcula¬ 
tions  was  the  distance  from  the  reference  point  (LCG)  to  the  center  of  the 
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struts 
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The  roll  angle  of  the  model  was  set  by  adjusting  the  height  of  the 
strut  which  was  attached  to  the  roll  force  block  gage  at  the  edge  of  the 
bridging  structure.  This  strut  was  adjusted  each  time  the  roll  angle  was 
set  to  transmit  body  axis  vertical  force  only.  For  each  run  at  a  non-zero 
roll  angle  the  gages  were  zeroed  at  standstill,  canceling  out  the  roll 
moment  due  to  buoyancy.  Drift  angle  was  set  by  rotating  the  surface  ship  tow 
beam.  The  model  was  set  at  zero  pitch  angle  throughtout  the  experiments, 
except  during  those  runs  where  pitch  effects  were  studied.  Rudder  angle  was 
changed  by  a  servo-actuator  mounted  on  the  model. 

The  force  measurement  outputs  were  integrated  over  a  standard  time  of  6 
seconds  and  multiple  samples  were  taken.  All  forces,  angle  settings  and 
carriage  speed  were  also  stored  on  stripchart  and  magnetic  digital  tape  in  the 
carriage  borne  computer. 

Centripetal  tares  were  calculated  using  the  model  mass  and  the 
carriage  rotational  speed.  Tares  were  removed  and  all  forces  and  moments  were 
calculated  about  the  reference  point  by  the  computer  program  described  in 
the  next  section.  Standstill  measurements  in  air  on  the  inertia  gear  at  various 
roll  and  trim  angles  provided  the  actual  OG  position  of  the  model  which  was 
used  in  correcting  the  data. 

The  design  draft  was  maintained  throughout  the  experimental  program  at  36.11 
centimeters  (14.22  inches)  model  scale.  This  corresponds  to  a  design  displace¬ 
ment  of  230  kilgrams  (351  pounds).  A  deep  draft  condition  of  41.2  centimeters 
(16.22  inches)  was  also  tested.  The  draft  was  set  by  screw  jacks  and  measured 
optically  at  the  beginning  of  each  condition,  then  checked  periodically 
throughout  the  experimental  program.  The  water  level  was  carefully  monitored 
and  kept  to  the  proper  level. 

The  experimental  program  included  variations  of  drift  angle,  roll  angle, 
speed,  draft,  rudder  deflection  angle,  propeller  RPM,  and  turn  radius.  The  pro¬ 
peller  RPM  was  adjusted  to  provide  model  self-propulsion  in  the  straight  ahead 
condition  for  each  speed  and  varied  to  investigate  propulsion  effects  on  the 
data.  All  the  variables  were  chosen  to  represent  a  range  of  realistic  operating 
conditions  and  to  develop  a  data  base  for  maneuvering  predictions.  Combinations 
of  variables  were  often  examined  and  check  points  were  obtained.  The  turn 
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radius  was  limited  by  the  size  of  Lhe  Rotating  Arm  Facility  and  the  need  to  pre¬ 
vent  interference  and  reflection  from  the  wave  absorption  beach. 

ANALYSIS  AND  PRESENTATION  OF  DATA 

The  raw  Lest  da  La,  in  Lhe  form  of  voltages  read  from  the  modular  force 
balances,  were  filtered  and  transmitted  to  Lhe  strip  chart  recorder  and  Lhe  com¬ 
puter.  A  computer  program  was  utilized  to  converL  the  data  into  nondimen- 
sional  coefficients  and  to  correct  for  tares. 

The  carriage  borne  Interdata  computer  program  performed  the  following  ana¬ 
lysis  tasks. 

1.  ConverL  Lhe  voltages  Lo  engineering  uniLs. 

2.  CorrecL  the  data  for  model  CG  location  and  centripedal  tares. 

3.  Calculate  Lhe  resultant  hydrodynamic  forces  and  moments  about 
Lhe  reference  point  (full  scale  CG). 

4.  Print  Lhe  raw  data,  along  with  Lhe  statistical  measures  of  data 
consistency. 

5.  Print  the  resultant  forces  and  momenLs  in  English  and  metric  units. 

6.  Nondimensionalize  Lhe  results  and  print  out  nondimensional  quan¬ 
tities. 

A  sample  two  page  computer  print  out  is  shown  in  Figures  3  and  6.  This 
program  and  printout  allowed  immediate  examination  ot  Lhe  data,  about  Lhe 
reference  point.  Bad  data  from  input  errors  in  carriage  speed  and  angle  set¬ 
tings,  were  readily  identified  and  correction  and  reanalysis  performed  without 
having  to  repeat  a  test  condition.  The  compuLer  and  operating  system  on  the 
Lest  facility  were  very  helpful  in  Lhe  efficient  conduct  ot  the  test. 

The  data  was  taken  for  a  matrix  of  speeds,  drift  angles,  roll  angle,  rudder 
angles,  and  yaw  rates.  The  coupling  between  all  the  quantities  was  determined 
experimentally  so  that  subsequent  simulation  would  have  an  empirical  basis.  The 
ranges  ot  variables  were  determined  from  Lhe  expected  operating  envelope  of  a 
ship  in  a  turn  including  Lhe  low  speed  range  for  evaluation  ot  the  extended- 
strut  rudders  operating  in  Lhe  propeller  slip  stream.  This  range  was  also  cho¬ 
sen  to  allow  comparison  with  SWATH-6A  data  in  reference  1. 

The  nondimensionalized  data  for  yaw  moment,  side  force  and  roll  moment  (N', 
Y',  K' )  were  plotted  tor  each  speed  and  draft  in  Lhe  series  against  yaw  rate  for 
a  family  of  drift  angles,  against  rudder  angle  for  a  family  of  yaw  rates,  and 


against  roll  angle  for  a  family  of  yaw  rates.  Nondimenslonal  axial  force,  X', 
was  also  plotted  for  each  speed  and  draft  against  rudder  angle  and  drift  angle 
for  a  family  of  yaw  rates.  Representative  samples  from  each  series  of  plots  are 
presented  in  Figures  7  to  20  in  order  to  illustrate  significant  trends  in  the 
data  and  for  the  following  discussion  of  the  analysis  technique. 

The  linear  derivatives  were  determined  from  the  aforementioned  data 
plots  as  the  slopes  of  straight  lines  through  the  data.  The  derivatives 
both  coupled  and  uncoupled  are  plotted  for  each  speed  and  draft  in  Figures 
21  to  40  and  are  also  presented  in  Table  2. 

The  nondimenslonal  yaw  rate  (r')  and  sway  velocity  (v')  derivatives 

(denoted  by  the  subscripts  r  and  v  respectively)  were  obtained  from  plots 

of  nondimenslonal  forces  and  moment,  N',  Y'  and  K'  versus  r’.  An  example  of 

the  analysis  technique  can  be  seen  in  Figures  7  to  9  which  are  yaw  rate  data 

plots  for  the  10  knot  deep  draft  test  condition  with  rudder  and  roll  angle  fixed 

at  zero  degrees.  In  Figure  7,  a  line  drawn  through  the  zero  drift  angle  data 

extrapolates  to  a  zero  value  of  N'  at  zero  yaw  rate,  as  it  should.  The  slope 

represents  the  nondimenslonal  derivitive  N  '.  Similarly,  Y  ’and  K  ’  were 

r  r  r 

determined  from  figures  8  and  9  respectively.  The  v*  derivatives  (N  ',  Y  ',  K  ') 

v  v  v 

were  obtained  from  curves  of  force  versus  drift  angle  constructed  from  the  zero 
yaw  rate  intercepts  of  the  yaw  rate  plots.  The  data  at  zero  yaw  rate 
corresponds  to  the  straight  line  test  technique  (i.e.  infinite  radii'*.  However, 
since  the  linearity  of  the  data  appears  to  allow  reliable  extrapolation,  the  zero 
yaw  rate  turning  information  is  provided  without  actual  straight  line  experi¬ 
ments,  therefore  saving  considerable  time  and  expense. 

Yaw  rate  -  sway  velocity  (v'r1)  coupled  derivatives  were  also  calculated 

from  the  yaw  rate  data  plots.  In  Figures  7  to  9,  it  can  be  readily 

observed  that  the  slopes  of  the  curve  of  nondimenslonal  forces  and  moment  N', 

Y',  K'  versus  yaw  rate  are  not  constant  with  varying  drift  angle.  From  the 

changes  in  slope,  the  coupled  derivatives  N  Y  ',  K  ’  were  determined.  The 

vr  vr  vr 

sway  -  yaw  coupling  occured  at  all  but  a  few  test  conditions.  Figure  10  repre¬ 
sents  a  typical  condition  where  no  coupling  is  evident  as  is  indicated  by  the 
constant  slope  of  the  data  over  the  range  of  drift  angles. 


The  nondimensional  rudder  derivatives  N  ' ,  Y  '  and  K  '  were  deter- 

6r  6r  6r 

mined  from  plots  of  nondimensional  forces  and  moment  N',  Y' ,  and  K'  versus 

rudder  angle  (5  ).  Rudder  angles  from  -30  to  +20  degrees  were  Investigated, 
r 

The  data  were  linear  throughout  the  range  of  rudder  angles  for  all  but  a  few 
test  conditions,  at  the  25  and  30  knot  speeds  where  the  rudder  induced  forces 
and  moments  dropped  off  slightly  at  the  largest  rudder  deflections.  The  effect 
of  drift  angle  on  yaw  moment,  side  force  and  roll  moment  due  to  the  rudder  was 
negligible  for  all  speeds  and  yaw  rates;  that  is,  the  slope  of  the  data  points 
remained  constant  for  various  drift  angles.  This  lack  of  coupling  is  clearly 
illustrated  in  Figure  11  which  is  the  plot  of  nondimensional  yaw  moment,  N', 
versus  rudder  angle  5r  for  the  20  knot,  design  draft  test  condition  at  a  non- 
dimensional  yaw  rate  of  0.103. 

The  effect  of  yaw  rate  on  yaw  moment,  side  force  and  roll  moment  due  to 
rudder  was  also  negligible  over  the  range  of  speeds  tested,  as  illustrated 
in  Figure  12.  Figure  12  is  the  plot  of  side  force  versus  rudder  angle  at 
the  15  knot  deep  draft  test  condition,  and  the  constant  slope  over  a  range 
of  yaw  rates  clearly  indicates  the  lack  of  coupling.  This  behavior  was 
typical  for  nondimensional  yaw  moment  and  nondimensional  roll  moment  data  as 
well. 


The  nondimensional  roll  derivatives  N  ',  Y  ',  and  K  were  determined 

4>  4>  <J> 

from  plots  of  nondimensional  forces  and  moment  N' ,  Y'  and  K'  versus  roll  angle 
(4>).  Roll  angles  through  _+  4  degrees  were  investigated.  The  effects  of  roll 
angle  on  the  forces  and  moments  were  relatively  small  as  might  be  expected  by 
the  wall  sided  nature  of  the  SWATH  design.  Coupling  between  quantities  was 
investigated  and  it  was  found  that  drift-roll  coupling  and  rudder-roll  coupling 
were  negligable,  while  slight  coupling  between  yaw  rate  and  roll  angle  was 
observed  at  some  conditions.  Figures  13  to  18  are  representative  samples  of  the 
data  plots  used  for  determining  coupling.  Figure  13  is  typical  of  the  data 
in  that  the  constant  slope  of  the  data  over  the  range  of  drift  angles  indi¬ 
cates  no  drift/roll  coupling.  Figure  14  presents  the  typical  trend  of  the 
effect  of  rudder  angle  on  roll  derivatives  and  again  the  constant  slope  of 
the  data  indicates  no  coupling. 


The  coupling  between  yaw  rate  and  roll  angle  occurred  only  at  certain 
conditions  and  was  small  in  magnitude.  Figure  15  presents  the  plot  of  nondimen- 


sional  yaw  moment  vs  roll  angle  at  the  10  knot  deep  draft  condition  for  two  yaw 
rates.  It  is  an  example  of  where  there  is  no  coupling  and  in  fact,  no  effect  on 
yaw  moment  due  to  roll  angle  (i.e.  both  N  -  0,  and  N  -0).  As  the  speed  was 
increased  to  20  and  ihen  25  knots  (Figures  16,  and  17),  slight  changes  in  slope 
occurred.  In  Figure  16,  the  slope  of  the  data  at  a  radius  of  .208  increased 
slightly  while  at  25  knots,  Figure  17,  the  slope  at  both  radii  increased. 

Figure  18  is  the  plot  of  side  force  versus  roll  angle  for  the  20  knot  deep 
draft  condition  and  again  the  change  in  slope  indicates  slight  yaw  rate/roll 
angle  coupling. 

A  sample  plot  of  axial  force  (X*)  versus  rudder  angle  for  the  15  knot  deep 
draft  condition  is  presented  in  Figure  19.  The  model  was  propelled  at  the  self 
propulsion  point  so  the  axial  force  (less  frictional  allowance)  is  close  to  zero 
at  zero  rudder  angle.  At  large  rudder  angles  there  is  an  increase  in  drag  that 
is  very  apparent  as  a  negative  axial  force.  The  effect  is  approximately  quadra¬ 
tic  with  rudder  angle,  and  therefore  yields  the  X  '  derivative. 

56 

An  example  of  the  effect  of  drift  angle  on  axial  force  is  given  in  Figure 

20  for  three  radii.  The  axial  force  is  approximately  quadratic,  yielding  the 

X  '  derivative, 
vv 


DISCUSSION  OF  RESULTS 

As  shown  in  the  previous  section,  the  linearity  of  the  data  permitted 
calculation  of  the  hydrodynamic  derivatives,  both  coupled  and  uncoupled,  from 
slope  and  changes  in  slope  of  the  force  and  moment  data.  These  derivatives 
correspond  to  the  standard  Taylor  series  horizontal  plane  hydrodynamic 
maneuvering  coefficients  described  in  reference  2.  While  the  final  evaluation 
of  the  SWATH-6E  maneuvering  performance  must  await  simulation  results,  some  per¬ 
tinent  observations  can  be  made. 

In  general,  the  magnitudes  and  signs  of  the  derivatives  are  as  expected 
for  SWATH  ships.  Also,  the  magnitude  of  the  nondimensional  derivatives 
generally  increase  with  increasing  draft. 

By  comparison,  the  SWATH-6E  derivatives  appear  to  be  much  less  speed  depen¬ 
dent  than  those  of  the  shorter  strut  SWATH-6 A.  The  SWATH-bA  derivatives  are 
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found  in  reference  1.  The  SWATH-6E  exhibits  strong  yaw  rate-sway  velocity  (vr) 
coupling,  not  seen  on  previous  SWATH-6  series  tests.  The  magnitude  of  this 
coupling  is  significant  as  seen  in  Figures  33  thru  35  and  an  increase  in  magni¬ 
tude  with  draft  is  evident. 

Coupling  is  also  observed  between  yaw  rate  and  roll  angle.  As  seen  in 
Figures  36,  37,  and  38  this  coupling  occurs  only  at  certain  conditions  and  is 
generally  of  smaller  magnitude  than  vr  coupling. 

The  effectiveness  of  the  SWATH-6E  rudders  is  much  improved  over  the  6A 
spade  rudders.  The  rudder  effectiveness  derivatives,  shown  in  Figures  27  thru 
29  are  generally  much  less  speed  dependent  than  the  6A  rudders  and  are  also  of 
greater  magnitude.  This  is  due  in  part  to  the  lack  of  free  surface  effects  since 
the  6E  rudders  were  fully  submerged.  The  rudder  effectiveness  also  improves 
with  increased  draft,  particularly  at  the  higher  speeds.  At  25  and  30  knots  a 
decrease  in  the  magnitude  of  the  derivatives  at  design  draft  is  observed.  This 
may  be  due  to  the  observed  rudder  ventilation  at  design  draft.  This  problem  is 
model  scale  dependent  and  could  be  avoided  in  a  full  scale  ship  design. 

In  order  to  get  an  idea  of  the  relative  turning  performance  of  the 
SWATH-6E;  an  estimate  of  the  steady  state  turn  diameter,  dynamic  stability  cri¬ 
terion,  and  the  steady  state  drift  angle  may  be  made  based  on  linear  theory. 

The  stability  criterion,  C,  is  given  in  reference  2  as: 

C  *  Y  '(N  '  -  m'x  ’)  -  N  *(Y  ’  -  m')  >0  [1) 

v  r  g  v  r 

The  equation  for  steady  state  turn  radius  per  ship  length  is  given  in 
reference  2  as: 


R/L  = 


fir  Y  'N  -  N  'Y 
v  fir  v  fir 


Steady  state  drift  angle,  8,  is  given  by: 
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I  N  (Y  '-m')  -  Y  '(N  '-m'x  ')  ( 
I  fir  r  v  r  g  | 

r  Y  ’  (N  '-m'x  ')  -  N  '(Y  '-m')  I 
v  r  g  v  r  I 


The  dynamic  stability  criterion  for  the  SWATH-6AS  (6A  with  spade  rudder) 
and  6E  are  compared  in  Table  3.  The  larger  values  of  C  for  the  6E  indicate  that 
it  is  more  directionally  stable  than  the  6A  for  both  drafts  and  at  every  speed. 
The  steady  turn  radiusper  unit  ship  length  and  steady  drift  angle  for  the  6A  and 
6E  are  presented  in  Table  4.  The  SWATH  6E  exhibits  a  smaller  turn  radius  at 
nearly  every  speed,  with  a  maximum  turn  diameter  of  6  ship  lengths.  At  10  and 
15  knots  deep  draft,  the  6A  has  a  smaller  turn  radius  than  the  6E.  This  is  pro¬ 
bably  because  the  6A  spade  rudders  have  more  projected  area  at  deep  draft. 

The  lack  of  speed  dependence  of  the  6E  derivatives  is  clearly  seen  in  the 
lack  of  variation  of  R/L  over  the  rango  of  speeds,  and  particularly  in  com¬ 
parison  to  the  6A. 

The  extended  strut  design  was  originally  intended  to  improve  low  speed 
maneuvering,  however,  these  preliminary  results  indicate  that  the  6E  is  a  better 
configuration  throughout  the  speed  range. 

CONCLUSIONS 

The  extended  strut  SWATH-6E  exhibited  strong  yaw  rate-sway  velocity  and  yaw 
rate-roll  angle  coupled  nondimensional  derivatives,  not  previously  observed  in 
shorter  strut  SWATH-6  series  experiments. 

The  maneuvering  performance  of  the  SWATH-6E  does  not  vary  greatly  with  for¬ 
ward  speed. 

The  SWATH-6E  is  directionally  stable,  and  Is  more  stable  than  previous 
SWATH-6  series  configurations,  as  expected  for  an  extended  strut  design. 

The  SWATH-6E  rudders  exhibit  much  improved  rudder  effectiveness  over  the 
SWATH-6A  spade  rudder  design. 

In  general,  the  SWATH-6E  configuration  provides  excellent  stability  and 
maneuvering  performance,  particularly  at  high  speeds. 
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TABLE  1  -  GEOMETRIC  AND  PHYSICAL  CHARACTERISTICS  OF  THE  SWATH  6E 


Length,  Overall  feet  (meters) 

11.74 

(3.58) 

Length,  Strut  feet  (meters) 

11.18 

(3.41) 

Length,  Lower  Hull  feet  (meters) 

10.67 

(3.25) 

Strut  Setback  feet  (meters) 

0.57 

(0.17) 

Beam,  Maximum  feet  (meters) 

4.00 

(1.22) 

Beam,  Strut  Centerline  feet  (meters) 

3.33 

(1.02) 

Draft,  Maximum  feet  (meters) 

1.18 

(0.36) 

Draft,  Strut  feet  (meters) 

0.52 

(0.16) 

Hull  Diameters,  Maximum  feet  (meters) 

0.67 

(0.20) 

Strut  width,  Maximum  feet  (meters) 

0.24 

(0.07) 

Displacement ,  Design  Draft  LTSW  (Metric 

Tonnes) 

0.255 

(0.259) 

Displacement ,  Deep  Draft  LTSW  (Metric  Tonnes) 

0.265 

(0.269) 

Distance,  Nose  to  Center  of  Gravity  feet 

(meters) 

5.32 

(1.62) 

Distance,  Nose  to  Rudder  Hinge  Axis  feet 

(meters) 

11.31 

(3.45) 

Rudders:  Chord  feet  (meters) 

0.58 

(0.18) 

Span  feet  (meters) 

0.80 

(0.24) 

Aspect  Ratio 

1.37 

2  2 

Lateral  Area  feet  (Meters  ) 

0.463 

(0.14) 

Thickness/Chord  Ratio 

.21 

(NACA  0021  S. 
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TABLE  2 

SWATH  6E  NONDIMENS IONAL  DERIVATIVES  -  DESIGN  DRAFT 


Derivative 
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N  f 
r 

-0.0098 

Y  ’ 
r 

0.0283 

K  ' 
r 

-0.0049 

N  f 

V 

-0.0201 

Y  • 

V 

-0.0560 

K  ’ 

V 

0.0125 

N6r' 

-0.0095 

Y6r' 

0.0188 

K6r' 

-0.0034 

V 

0.00036 

V 

0.00716 

K  • 
p 

0.00036 

Coupled 

Derivatives 

N  ' 
vr 

0.0481 

Y  ' 
vr 

-0.084 

K  ' 
vr 

0 

N  / 
r<p 

0 

Y  / 
r<t> 

0 

K  a’ 
r4> 

0.00409 

X6r6r’ 

0.01888 

X  ! 
vv 

-0.01353 

I 


Speed 

(knots) 

10 

15 

20 

25 

-0.0117 

-0.0113 

-0.0123 

-0.0163 

+0.0277 

0.0230 

0.0243 

0.0303 

-0.0051 

-0.0046 

-0.0053 

-0.0060 

-0.0251 

-0.0280 

-0.0165 

-0.0345 

-0.0560 

-0.0604 

-0.0762 

-0.0438 

0.0118 

0.0101 

0.0147 

0.0077 

-0.0099 

-0.0090 

-0.0090 

-0.0091 

0.0202 

0.0181 

0.0180 

0.0177 

-0.0038 

-0.0036 

-0.0034 

-0.0035 

0 

0.00322 

0.00036 

0.00573 

0.00215 

-0.00430 

0 

-0.00788 

0 

0.00136 

0.00036 

0.00025 

0.0201 

0.0251 

0.0158 

0.0158 

-0.1140 

-0.1290 

-0.0880 

-0.1 160 

0.0172 

0.0301 

0 

0.0187 

0 

0 

0.08126 

0 

0 

-0.09534 

-0.13625 

0 

0.01427 

0.01637 

0.02379 

0 

0.01970 

0.01723 

0.01970 

0.02585 

-0.01910 

-0.01 139 

-0.00955 

-0.0185 

i 


i 


30 

■0.0167 

0.0220 

0.0045 

0.0295 

■0.0525 

0.0088 

■0.0074 

0.0155 

■0.0030 

0.00338 

0.00859 

0.00222 


0 

0.2190 

0.0301 

0 

0 

0 

0.02052 

0.00887 


TABLE  3 

SWATH  6E  -  NONDIMENS IONAL  COEFFICIENTS  -  DEEP  DRAFT 


Derivatives 

7 

10 

N  ' 
r 

-0.0137 

-0.0143 

Y  ’ 
r 

0.0370 

0.0317 

K  1 
r 

-0.0056 

-0.0052 

N  ' 

V 

-0.0280 

-0.0374 

Y  ’ 

V 

-0.0762 

-0.0747 

K  ’ 

V 

0.0103 

0.01 1 1 

M6r* 

-0.0095 

-0.0099 

Y<5  r ' 

0.0204 

0.0208 

K6r' 

-0.0039 

-0.0038 

V 

0 

0 

V 

-0.00286 

0 

V 

0 

0.00072 

Cot iplcd  Derivatives 


N  ' 
vr 

0.0402 

0.0402 

Y  ’ 
vr 

-0.1904 

-0.2536 

K  ' 
vr 

0.0244 

0.0373 

N 

r  1> 

0 

0 

V* 

0 

0 

V 

0.02797 

0 

X6r6r’ 

0.02216 

0.02380 

X  f 

V  V 

-0.00778 

-0.0170 

15 

20 

25 

30 

-0.0147 

-0.0152 

-0.0220 

-0.0223 

0.0303 

0.0303 

0.0303 

0.0253 

-0.0065 

-0.0060 

-0.0067 

-0.0049 

-0.0345 

-0.0287 

-0.0575 

-0.0445 

-0.0740 

-0.0862 

-0.0690 

-0.0453 

0.0126 

0.0144 

0.0109 

0.0071 

-0.0090 

-0.0095 

-0.0105 

-0.0092 

0.0192 

0.0193 

0.0212 

0.0179 

-0.0036 

-0.0036 

-0.0040 

-0.0035 

0.00573 

0.00430 

0.00967 

0.00501 

-0.00859 

0 

-0.00609 

-0.00286 

0.00201 

0.00057 

0.00115 

-0.00054 

0.0467 

0.0417 

0.0467 

0 

-0.2026 

-0.1631 

-0.0960 

-0.2457 

0.0014 

0.0459 

0.0057 

0.00602 

0 

0.03406 

0 

0 

-0.04434 

-0.14310 

-0.04767 

0 

0 

0.01028 

-0.02188 

-0.00913 

0.02216 

0.02462 

0.03119 

0.02708 

-0.01148 

-0.02371 

-0.02029 

-0.02194 
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TABLE  4 


COMPARISON  OF  THE  DYNAMIC  STABILITY  CRITERION,  C* ,  FOR  SWATH  6E 
AND  SWATH  6AS  AT  DESIGN  AND  DEEP  DRAFT  CONDITIONS 


SWATH  6E  SWATH  6AS 


SPEED,  KTS 

DESIGN 

DEEP 

DESIGN 

DEEP 

7 

.00170 

.00325 

— 

— 

10 

.00187 

.00321 

.00140 

.00210 

15 

.00223 

.00312 

.00153 

.00220 

20 

.00232 

.00329 

.00144 

.00297 

25 

.00246 

.00446 

.00186 

.00303 

28 

— 

— 

.00133 

— 

30 

.00210 

.00284 

_ 

_ 

*  Nondimensionalization  in  these  calculations  based  on  lower  hull  length. 
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TABLE  5 


Speed , 
Knots 

STEADY  STATE 
AND  STEADY  STATE  DRIFT  , 
WITH  A 

SWATH  6F. 

R/L* 

TURN  RADIUS  PER  SHIP  LENGTH* 

ANGLE,  6,  FOR  THE  SWATH  6E  AND  SWATH  6A 
27  DEGREE  RUDDER  ANGLE 

DESIGN  DRAFT 

SWATH  6A  -  SPADE  RUDDERS 
8,  deg.  R/L*  0.  deg. 

7 

2.09 

0.60 

— 

— 

10 

2.15 

1.78 

1.93 

1.47 

15 

2.06 

2.56 

2.23 

2.10 

20 

2.50 

2.37 

3.20 

1.59 

25 

2.90 

2.21 

6.10 

0.94 

28 

— 

— 

4.57 

1.29 

30 

3.02 

3.99 

— 

— 

DEEP  DRAFT 

7 

2.88 

0.56 

— 

— 

10 

2.56 

1.43 

1.53 

2.14 

1  5 

2.78 

1.74 

2.10 

1.94 

20 

2.86 

1.66 

3.72 

0.57 

25 

2.84 

2.78 

4.61 

1.27 

30 

2.85 

4.50 

_ 

*  Length,  L,  used  in  above  nondimenslonalizalion  corresponsds  to  LOA. 
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es 


Rudder  Actuator 
Rudder  Linkage 


AFT  GAGE 
ASSEMBLY 


Figure  3  -  Schematic  of  the  Foreword  and  Aft  Biock  Gage 
Assemblies  use  on  the  SWATH-bE 
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Nondimensional  Side  Force,  Y',  ;;10 


Nondimensional  Yaw  Rate,  r' 


Figure  8  -  Variation  of  Nondimensional  Side  Force  with 

Nondimensional  Yaw  Rate  for  a  Series  of  Drift 
Angles  at  a  Full  Scale  Speed  of  10  Knots  at 
Deep  Drift 


Nondimensional  Roll  Moment 
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Nondimensional  Yaw  Rate,  r' 

FigurelG  -  Variation  of  Nondimensional  Yaw  Moment  with 

Nondimens ional  Yaw  Rate  for  a  Series  of  Drift 
Angles  at  a  Full  Scale  Sneed  of  30  Knots  at 
Deep  Draft 


Nondinensional  Yaw  Moment,  N' ,  xlO 


Roll  Angle,  ip,  in  degrees 


Figure  1  i-  Variation  of  Nondimensiona]  Yaw  Moment  with 
Roll  Angle  for  a  Series  of  Drift  Angles  at 
a  Full  Scale  Speed  of  15  Knots  and  a  Mondi¬ 
mens  ional  Yaw  Rate  of  0.103  at  Design  Draft 


Nondimensional  Ya TIomen  : ,  N',  xlO 


Rudder 

o 

□ 

o 

Angle,  6r 
25° 

20° 

10° 

0° 

10° 

20° 

A 

HH 

e 

i 

,  t 

k  t 

\  t 

k  t 

X  1 

k  L 

\  £ 

k  43 

c 

t 

)  < 

]  [ 

)  0 

]  c 

)  c 

]  [ 

)  a 

]  t 

< 

< 

)  < 

1 

1 

i 

r 

-4-2  0  2  4  b 


Roll  Angle,  <l>,  in  degrees 


Figure  14-  Variation  of  Nondimensional  Yaw  Moment  with 
Roll  Angle  for  a  Series  of  Rudder  Angles  at 
a  Full  Scale  Speed  of  20  Knots  and  a  Nondf- 
mensional  Yaw  Rate  of  0.103  at  Design  Draft 
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Figure  16-  Variation  of  Nondimensional  Yaw  Moment  with 
Roll  Angle  for  Two  Nondimensional  vaw  Rates 
at  a  Full  Scale  Sneed  of  20  Knots  at  Deen 
Draf  t 
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Figure  17  -  Variation  of  Nondiraensional  Yaw  Moment  with 
Roll  Angle  for  Two  Nondiraensional  Yaw  Rates 
at  a  Full  Scale  Speed  of  25  Knots  at  Deep 
Draf  t 
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Figure  19-  Variation  of  Nondimensional  Axial  Force  with 
Rudder  Angle  for  a  Series  of  Nondimensional 
Yaw  Rates  at  a  Full  Scale  Sneed  of  IS  '.'nots 
at  Deep  Draft 
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Figure20  -  Variation  of  Nondimensiona 1  Axial  Force  with 
Drift  Angle  for  a  Series  of  Yaw  Rates  at 
a  Full  Scale  Speed  of  2S  Knots  at  Design  Draft 
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Figure  21-  Variation  of  Nond  ime ns ional  Derivative,  N  ' ,  with  Full  Scale 
Speed  for  Two  Draft  Configurations 
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Figure  3D-  Variation  of  Nondimensional  Derivative,  !fy\  vit'. 

Full  Scale  Speed  for  Tv;o  Draft  Configuration:'. 
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Figure  32-  Variation  of  Nondimens ional  Derivative,  with 
Full  Scale  Sneed  for  Two  Draft  Configuration 
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Figure  34-  Variation  of  Wondimensional  derivative,  V  *,  •;ith 
Full  Scale  Speed  for  Two  Draft  Configurations 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 

1  DTNSRDC  REPORTS.  A  FORMAL  SERIES,  CONTAIN  INFORMATION  OF  PERMANENT  TECH 
MCAL  VALUE  THEY  CARRY  A  CONSECUTIVE  NUMERICAL  IDENTIFICATION  REGARDLESS  OF 
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